Background Docetaxel-cisplatin-5-FU chemotherapy is superior to 5-FU-cisplatin in terms of response rate and survival in advanced gastric cancer (AGC), but is more toxic. Oxaliplatin is better tolerated than cisplatin, which it can effectively replace in this setting. We hypothesize that incorporating docetaxel into a simplified FOLFOX regimen should be a tolerable and effective option in first-line treatment of AGC. Results Forty-one patients were enrolled. Performance status was grade 0 and 1 in respectively 27 and 58 % of patients; 17 patients had adenocarcinoma of the gastroesophageal junction; 37 patients had metastatic disease, 22 had a poorly differentiated or diffuse type. Objective response rate was 66 %, with a complete response in two patients (5 %). Median progression-free survival and overall survival were respectively 6.3 and 12.1 months. Tolerability was acceptable with no treatment-related deaths. The most frequent grade 3-4 toxicities were neutropenia (30 %) and neuropathy (12.5 %). Curative intent surgery after response to TEF was performed in seven patients (17 %). Conclusion TEF is an effective first-line treatment with an acceptable toxicity profile for patients with AGC. It may allow curative resection in initially unresectable patients. TEF should now be evaluated in prospective randomized trials.
Introduction
Systemic chemotherapy of locally advanced or metastatic gastric adenocarcinoma is effective in term of responses rates, quality of life and survival time, but the benefits are of limited duration and tolerability varies according to the therapeutic protocol [1] .
Several regimens have been developed, but there is no universal standard chemotherapy for these patients. In the European Society for Medical Oncology (ESMO) guidelines [2] , an epirubicin (E), cisplatin (C) and 5-fluorouracil (5-FU) regimen (ECF) is the reference for palliative chemotherapy in advanced gastric cancer (AGC) [3] [4] [5] . However, 5-FU or capecitabine (X) and cisplatin (FP and XP) combinations are likely equivalent in terms of efficacy and tolerability, as shown with a monthly FP [6] combination or with biweekly LV5FU2-P [7] or the XP combination [8] . The added value of using anthracyclines is not obvious, as shown in the GASTRIC meta-analysis [9] .
The docetaxel (D)-cisplatin-5-FU (DCF) regimen has been shown to be superior to FP [10, 11] in a phase III trial, with an improvement in time to progression (HR: 1.47), overall survival (OS) and quality of life. However, DCF has not been widely used because it is associated with a high rate of hematological toxicity, including grade 3-4 neutropenia (82 vs. 57 %) and complicated neutropenia (29 vs. 12 %).
Attempts to improve the therapeutic index of the DCF regimen have been explored in many trials by lowering the doses, modifying the schedule or replacing 5-FU or cisplatin by better tolerated drugs. Capecitabine and oxaliplatin can advantageously replace IV 5-FU and cisplatin as shown in the Real 2 trial. In this study, in more than 1,000 patients, 12-month OS was observed in patients treated with EOX, compared with 9.9-month OS for patients treated with the old ECF schedule [12] . Oxaliplatin seems to be associated with less neutropenia but increased diarrhea. These results have been supported by another randomized trial in which oxaliplatin combined with 5-FU (FLO regimen) was as effective as a 5-FU, leucoverin and cisplatin combination (FLP) [13] , with no significant difference in progression-free survival, which was even significantly better in the subgroup of patients older than 65 years treated with the FLO regimen. This advantage was probably due to a better safety profile of the FLO regimen with a longer median duration of treatment (two times longer in this subgroup).
Finally, trastuzumab significantly improves OS in patients with HER2 high expression [14] , when added to an XP regimen, although this population represents less than 15 % of patients with AGC, and other chemotherapy combinations have not been tested with trastuzumab.
Current standard treatments for AGC include EOX, DCF including xelox, FOLFOX, XP and some other regimens, but metastatic AGC still has a very poor prognosis with a median survival of less than 12 months in most trials. Fluoropyrimidines, platinum compounds and taxanes seem to be among the most active drugs in gastric cancer.
Four years ago, we replaced in the DCF regimen P by O, F by LV5FU2 and used D at the same dose but biweekly instead of every 3 weeks, thus defining a parent protocol named TEF. TEF in fact emerged as the addition of D to a modified FOLFOX regimen, as we hypothesized that it might be better tolerated and as effective as DCF for patients with AGC. This TEF protocol was then adopted as first-line chemotherapy in six centers in France for patients with AGC. In the present study we assessed the efficacy and tolerability of TEF. Exclusion criteria for analysis were abnormal bone marrow, renal and hepatic function, cardiac failure, previous organ transplantation, HIV or other immunodeficiency syndromes, known hypersensitivity to FU, leucovorin, oxaliplatin, or docetaxel, patients unable to give their consent, pregnancy, breast-feeding, and non-use of contraceptives in premenopausal women.
Patients and methods

Patients
Baseline clinical and biochemical parameters and age, ECOG performance status, and histological findings were recorded.
The study was conducted in accordance with the Declaration of Helsinki and the study protocol was reviewed and approved by the institutional review board of CHU Ambroise Paré. All participating patients allowed the use of their medical records for clinical research purposes.
Treatment schedule
The biweekly intravenous TEF regimen was given as follows: docetaxel (50 mg/m 2 ), oxaliplatin (85 mg/m 2 ) and leucoverin (400 mg/m 2 ) on day 1, followed by continuous infusion of 5-FU for 48 h (2400 mg/m
Evaluation
Response
The objective response was evaluated every four cycles, according to RECIST criteria v1.1 based on a chest, abdomen and pelvis CT-scan (and when indicated, an MRI), compared with a baseline CT-scan performed within 3 weeks before the first cycle of TEF.
Tolerability
Toxicity was evaluated before each cycle according to the NCI-CTC v4 scale. Physical examination, a full blood count, blood electrolytes, serum creatinine and liver function tests were checked before each cycle and we retrospectively encoded each maximal toxicity reported during the treatment. Neurotoxicity was assessed before each cycle and was retrospectively evaluated according to the NCI-CTC v4 scale.
Statistical hypothesis and analysis
As a prospective observational cohort, this study did not require sample size calculation. However, we calculated the following sample size to conclude and we stopped data collection when we achieved this sample size. Using Fleming one step design unilateral alpha type one error of 5 % and power of 90 % with the following hypotheses: an overall objective response rate of 25 % was considered as uninteresting, and an overall objective response rate of 46 % was expected; it was required to include 41 pts at the end of the study. Amongst the 41 pts, if we observed 14 (34.1 %) or less with overall objective response, treatment was considered uninteresting. If we observed 15 (36.6 %) or more than 15 patients with overall objective response, the treatment was considered promising.
The objective response rate was evaluated in the intentto-treat patients who received at least one cycle of TEF. Toxicity was analyzed in the population with at least one evaluation of tolerability after treatment. Time to progression was defined as the time elapsed from the start of TEF chemotherapy until the date of progression. Progression-free survival was defined as the time elapsed from the start of TEF chemotherapy until the date of progression or death (all causes), whichever occurred first. Surviving patients without disease progression were censored at the last follow-up date. Overall survival was defined as the time elapsed from the start of TEF until death (all causes). Surviving patients were censored at the last follow-up date. Survival curves were estimated using the Kaplan-Meier method. Median follow-up and the 95 % CI were calculated with the reverse Kaplan-Meier method.
Results
Patients
Forty-one patients treated with TEF were included in this study. Their mean age was 53.5 years (range, 33-73 years). Patient characteristics are summarized in Table 1 .
Thirty-seven patients had metastatic disease (90 %) and four had locally advanced disease (10 %); the primary tumor was removed in 14 patients who relapsed. Thirteen of 14 patients who relapsed received neoadjuvant and/or adjuvant chemotherapy or radiotherapy-chemotherapy (n = 5). These treatments were LV5FU2 (1/13), LV5FU2-P (9/13), ECF (1/13) or FOLFOX (2/13).
Safety
A total of 310 cycles of TEF were administered, with a mean of 7.6 cycles per patient (range, 1-21) and 90 % of patients received at least four cycles (n = 37). Toxicities are described in Table 2 . Grade 3 toxicity occurred in 18 patients (45 %) and grade 4 in four (10 %). There was no treatment-related death. The most common grade 3-4 toxicity was neutropenia (30 %), and febrile neutropenia occurred in three patients (8 %). Primary prophylactic G-CSF was administered to 22 patients. In this group of patients the rate of grade 3-4 neutropenia decreased to 14 %, and only one patient (5 %) had febrile neutropenia. In contrast, in patients who did not receive prophylactic G-CSF, grade 3-4 neutropenia was reported in nine out of 18 patients (50 %).
Other frequent grade 3-4 toxicities were asthenia (10 %) and anemia (10 %). Grade 2-3 sensitive peripheral neuropathy was observed in 12.5 % of patients. These adverse events led to dose reduction in 30 patients after a mean of 4.3 cycles; oxaliplatin had to be reduced or interrupted in 22 patients, and docetaxel in 13 patients.
Adverse events led to treatment discontinuation in 10 patients (25 %) after a mean of 7.2 cycles. The causes of interruption were cutaneous reactions considered as grade 2 allergic reactions to docetaxel (two patients), neuropathy (three patients), edema (two patients) neutropenia (two patients), and nausea/vomiting (one patient).
Efficacy
In 13 (43 %) of 30 patients with altered baseline performance status (PS 1: 24; PS 2: 6), PS improved during treatment (PS 1: 8; PS 2: 5).
In three patients, the radiologist was unable to evaluate the response with RECIST 1.1 criteria because of the appearance of ascitis with dissociated response of targets. Two patients died before the first CT-scan evaluation and were considered as progressive. Out of the 41 patients, 27 patients had an objective response and the intent-to-treat objective response rate was 66 % [95 % CI (50.55; 78.44)], with two confirmed complete responses after respectively four and eight cycles (Table 3) .
After a median follow-up of 27.8 months, median time to progression, progression-free survival and OS were respectively 6.5 months [95 % CI = (4.9; 10.9)], Seven patients who were initially considered as unresectable were reconsidered for curative surgery by the multidisciplinary staff after response to TEF. Four patients underwent cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis, with total gastrectomy for one patient. One patient underwent an R0 resection with total gastrectomy associated with partial hepatic resection. Two patients with locally advanced AGC had an R0 total gastrectomy with extended resection. The rate of R0 secondary resection was 17 % (7/ 41) after TEF. After good response to TEF, two patients received a radiotherapy-chemotherapy combination to improve local control. The median OS for the nine patients who received complementary local treatment was 18.4 months [95 % CI = (7.3, NA) months].
Thirty patients were documented as progressive on TEF treatment or discontinuated treatment due to adverse events, and 19 received FOLFIRI second line, five received other regimens, and six received best supportive care.
Discussion
There is no universal standard chemotherapy regimen in first-line treatment for AGC, and prognosis is still very poor. Incorporation of docetaxel in cisplatin-5-FU combination regimens improved patient outcome, but at the cost of significant toxicity.
With a response rate of 65.9 %, and median OS of 12.1 months, this study shows that the TEF regimen administered as first-line treatment for AGC resulted in a high response rate with an acceptable toxicity profile and in specific cases allowed secondary resection. The TEF regimen may thus appear as a potential alternative to DCF.
The response rate with regimens as ECF, XP, FOLFOX or EOX is about 45 ± 10 %, with a median OS between 9 and 13.3 months [10] . In the V325 trial testing DCF versus CF, the overall response rate was 37 % (95 % CI: 30.3-43.4) with DCF [10] . Within the limitations of comparing response rate from different phase II trials and the impossibility of performing cross-study comparisons with a phase III trial, we cannot conclude that TEF is superior to other docetaxel-containing regimens. However, our results compare very favorably with those obtained with chemotherapy drug combinations approved for treatment of AGC, and justify further studies. Moreover, within the limitations of a small group, TEF had some activity in linitis plastica, which is chemoresistant [15] , and in eight patients with this regimen we observed six responses [corresponding to a response rate of 75 %; 95 % CI = (45-105)] and one complete response, which is seldom reported with chemotherapy in linitis plastica.
TEF appeared to be better tolerated than the DCF regimen. Grade 3-4 neutropenia occurred in 30 % of patients with TEF, and rates of severe gastrointestinal toxicity were lower than 10 %. The rate of grade 3-4 neutropenia was 50 % in patients who did not receive G-CSF and 14.7 % in those who did, which is very low. In contrast, DCF resulted in a very high frequency of grade 3-4 toxicity, with severe neutropenia in 82 % of cases and severe gastrointestinal disorders in 49 %, in the V325 study, although prophylactic G-CSF was not permitted. This underlines the value of G-CSF administration in three-drug chemotherapy for gastric cancer to decrease the risk of potential severe hematologic toxicity, especially in patients with other risk factors, such as patients older than 65 years, or with advanced disease, altered PS or nutritional status, or in patients in whom we want to increase chemotherapy doseintensity and dose-density when we hope for a secondary resection.
Several other modified DCF schemes (mDCF) were tested in an attempt to reduce toxicity. Weekly administration decreased the rate of hematological toxicity, with only 4 % of grade 3-4 neutropenia [16] . However, nonhematologic toxicities were frequent with this regimen, with 23 % of patients hospitalized for non-hematologic toxicity in this retrospective study by Overman et al. In a phase II trial reported by Tebbut et al. [17] , with weekly mDCF there was a high rate of grade 3-4 gastrointestinal toxicity (diarrhea 22 %, stomatitis 18 %, nausea 16 %, asthenia 18 %) as reported earlier by Lorenzen et al. [18] , who noted a similar toxicity profile.
The neurotoxicity of oxaliplatin and docetaxel is wellknown and is a major reason for stopping chemotherapy. As both drugs cause peripheral neuropathy, we were circumspect about combining them, but surprisingly neurotoxicity was not high with the TEF protocol: the 12 % of grade 3 neuropathy in our study was similar to the 17 % reported in the GATE study evaluating different combinations of oxaliplatin and docetaxel with or without 5-FU/ FA or capecitabine [19] . The combination of oxaliplatin and docetaxel therefore does not seem to increase neurotoxicity compared with oxaliplatin without docetaxel, as shown with FLO or EOF, with neurotoxicity in respectively 14.3 and 8.8 % of cases [12, 13] .
TEF was stopped in 25 % of patients due to toxicity. This rate is high, but the rules of dose reduction and treatment stoppage were not standardized and many treatments were stopped after six or more cycles when the maximal anti-tumor effect was obtained. Allergic reactions, edema, or neuropathy could be managed by slowing the infusion, or by reducing or stopping a single drug, or with optimal premedications. This may be in favor of the use of the TEF regimen as induction treatment, which should be tested assuming that TEF will rapidly shrink the tumor mass and that after 2-4 months a less toxic and more convenient consolidation treatment should be instituted.
The toxicity of TEF seems to be well tolerated when TEF is used with prophylactic G-CSF, and when the doses of oxaliplatin are adapted to the neurotoxicity.
Our results are supported by other studies that have tested the combination of 5-FU, docetaxel and oxaliplatin, and by a large phase II trial in which Al-Batran et al. [20] used a regimen similar to TEF, but using 5-FU in a 24-h continuous infusion at the dose of 2600 mg/m 2 (FLOT). The results were excellent with a response rate of 57.7 %, a progression-free survival of 5.2 months and an OS of 11.1 months and are confirmed by the results reported here with the TEF regimen. With the FLOT regimen, the rate of grade 3-4 neutropenia was higher (48.1 %), but patients did not receive prophylactic G-CSF. The non-hematologic toxicity profile was similar, and in particular there was very little gastrointestinal toxicity, compared with DCF or mDCF.
In the phase II randomized GATE trial, reported in abstract form, the chemotherapeutic regimen was similar to the one reported here and its therapeutic activity as well as its tolerability confirmed the good therapeutic index of the TEF regimen [19] . The response rate was 46.6 % with an OS of 14.6 months, and grade 3-4 neuropathy and diarrhea were seen in respectively 17 and 11 % of patients. In the two trials evaluating TEF, the efficacy/safety profile was good, justifying its use in a further phase III randomized trial.
Many questions remain, especially regarding efficacy and tolerability in elderly patients, and it has been reported that FLOT has been associated with more grade 3-4 toxicity than the oxaliplatin/5-FU combination without improvement in response rate in patients older than 70 years [21] .
The present study has some limitations. The treated population was a favorable one with 85 % of patients under 65 years old with a good PS (grade 0 or 1). The TEF regimen was used in this study in expert centers, with access to teams in experienced gastrointestinal oncology and surgeons able to perform hyperthermic intraperitoneal chemotherapy and liver surgery, which are not standard in this disease. Treatment modalities, as dose reductions or prophylactic use of G-CSF, were left to the discretion of the physicians in the different centers. Neurotoxicity assessment was standardized retrospectively using NCI-CTC v4 grading.
In conclusion, the TEF regimen appears to be at least as effective as the DCF regimen and other active regimens used for the treatment of AGC and adenocarcinoma of the gastroesophageal junction. Its efficacy in linitis, which has a poor prognosis, must be confirmed prospectively. In addition, the TEF regimen is rather well tolerated and can be used in outpatient treatment. The use of G-CSF may decrease the risk of neutropenia. TEF may also be considered in patients with overexpression of HER2 combined with trastuzumab. The TEF regimen should now be studied in a randomized trial.
